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(54) Manufacturing line with modular devices for the transfer of workpieces between machining 
units 



(57) A line of manufacturing units for carrying out a 
sequence of machining operations on a set of workpiec- 
es (P), which are fed in, in succession, at one loading 
end of the line and proceed along the line up to an un- 
loading end of the line, comprises means for transfer of 
the workpieces along the line, the said means including 
a fixture made up of a plurality of horizontal supporting 
and guide beams (7), which are set in a superelevated 
position and which extend one on the prolongation of 
the other in the longitudinal direction of the line. Each 
superelevated beam (7) carries a first mobile slide on 



top of it, upon which is in turn mounted a vertical upright 
(or a second mobile slide, which can move vertically), 
at the bottom end of which there is mounted a pick-up 
device (1 4), which can be oriented about a vertical axis. 
The movements of the various transfer devices (T) are 
coordinated in such a way that, when one manufacturing 
unit terminates its cycle of operations on a piece, the 
transfer devices (T) upstream and downstream of said 
unit are already close thereto for picking up the work- 
piece 'that has undergone machining and for loading a 
new workpiece. 
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Description 

[0001] The present invention relates to a line of man- 
ufacturing units for carrying out a sequence of machin- 
ing operations on a set of workpieces, which are fed in, 5 
in succession , at one loading end of the line and proceed 
along the line up to an unloading end of the line, in which 
said line comprises means for transfer of the workpieces 
from the end for loading onto the first unit in the line, 
from each unit of the line to the next, and from the last 10 
unit in the line to the unloading end. 
[0002] In lines of the kind referred to above, which are 
made up of a succession of manufacturing units or work 
centres, it is already general knowledge that it is possi- 
ble to have available devices for transfer of the work- is 
pieces from one unit to another on the line. In more tra- 
ditional systems, transfer devices are provided, which 
simultaneously cause all the workpieces that are on the 
line to advance by one step along the line. This tradi- 
tional solution is, however, not particularly efficient. In 20 
general, in fact, the various units along the line carry out 
cycles of operations of different duration. With a rigid 
transfer system of the type described above, it is, how- 
ever, necessary for all the units to have completed their 
respective cycles of operations in order to be able to 25 
start carrying out the step of transfer of each piece from 
one unit to another. In addition, the rigid transfer system 
according to conventional techniques enables only lim- 
ited variations in the angular position of the piece during 
its transfer. The piece may, in fact, normally translate 30 
only in a position where it is resting on a surface or, more 
in general, in conditions of stability of its centre of gravity, 
and can, at the most, only turn about a vertical axis, un- 
less auxiliary devices are added, designed for turning 
the workpiece upside down before or after the travel of 35 
transfer. 

[0003] I n the past , there have been proposed transfer 
devices of a flexible type, in which between each unit of 
the line and the next there is set a transfer device, which 
operates independently from the other transfer devices 40 
in order to reduce dead time as much as possible during 
the production cycle. The present applicant has, for ex- 
ample, presented various robotic solutions (see, for ex- 
ample, the US patent No. 5 522 275) designed fortrans- 
ferring workpieces between the workstations of a pro- 45 
duction line of any type. Of course, transfer devices in 
the form of robots present the drawback of being rela- 
tively costly and cumbersome and of penalizing acces- 
sibility and cleanliness of their working areas, and hence 
are not always suitable for application to a line of ma- so 
chining centres. On the other hand, there is increasingly 
felt the need to step up productivity, particularly in the 
automobile field, also following upon the trend that has 
appeared in the last few years of concentrating a 
number of production sites in a single plant. 55 
[0004] In the specific field of lines for carrying out ma- 
chining (for instance, a production line for cylinder heads 
for motor-vehicle engines), the need for high productiv- 



ity is always accompanied by the need for maximum re- 
duction in production costs. A solution of a line of ma- 
chining centres provided with devices for transfer of 
workpieces from one unit to another in the line is de- 
scribed in the Japanese patent application JP-A-11 114 
783. This known device envisages transfer devices, 
each of which is made up of a pair of arms, which are 
mounted in an articulated way, underneath, about a hor- 
izontal axis and oscillate with their top ends through a 
vertical arc between two end positions, one end being 
adjacent to one unit of the line set upstream of the trans- 
fer device and the other end being adjacent to a second 
unit of the line set downstream of the transfer device. 
This known solution presents the drawback of being rel- 
atively complicated and of not being efficient. In partic- 
ular, in so far as the pieces are transferred along an 
arched path and consequently must be raised from the 
starting position to reach the apex of the arc, with a con- 
sequent useless expenditure of energy. A further draw- 
back of the aforesaid known solution lies in the fact that 
the transfer devices are mounted on the floor, on which 
the line is set out, and consequently entail an encum- 
brance which reduces accessibility to the various units 
in the line. A further drawback of the above known so- 
lution is that the workpiece can be transferred only in a 
single position. In addition, there is a penalization in 
terms of accessibility and of the possibility of cleaning 
the working area, as well as the requirement that the 
workpiece must be fixed on a dedicated pallet, specifi- 
cally shaped for the workpiece that is to be transferred. 
[0005] The purpose of the present invention is to pro- 
vide a line of manufacturing units for carrying out ma- 
chining operations with removal of stock, which will be 
equipped with means for transferring workpieces from 
one unit to another in the line and which will be able to 
overcome all the drawbacks of the prior art that have 
been discussed above. 

[0006] With a view to achieving the above purpose, 
the subject of the invention is a line of manufacturing 
units of the type referred to at the beginning of this de- 
scription, characterized in that the aforesaid transfer 
means include: 

a fixture made up of a plurality of horizontal support- 
ing and guide beams, which are set in a superele- 
vated position with respect to the floor on which the 
line is set, said beams extending in the longitudinal 
direction of the line, each one of which in a position 
corresponding to a space comprised between one 
manufacturing unit and another adjacent one; 
a transfer device mounted on each of the aforesaid 
supporting and guide beams, said device compris- 
ing: 

a first mobile slide, which can move along the 
respective supporting and guide beam in the 
longitudinal direction of the line; 
a vertical upright mounted upon said first mo- 
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bile slide, which, in one example of embodi- 
ment, constitutes a second mobile slide, which 
can move vertically; 

pick-up means, which are mounted on the bot- 
tom end of said second slide or upright and 
which can be oriented about a vertical axis; 
motor means for controlling the first slide, sec- 
ond slide (if provided) and said pick-up means; 
and 

. . control means designed for controlling the mo- 
tor means of the various transfer devices of the 
line independently of one another, but accord- 
ing 'to a sequence preferably co-ordinated to- 
gether in such a way that, when any single man- 
ufacturing unit has terminated its cycle of oper- 
ations on a piece, the transfer device down- 
stream of said unit is already waiting nearby to 
pick up the workpiece that has undergone ma- 
chining, and the transfer device upstream of the 
unit is already waiting nearby, with a new work- 
piece loaded upon it, in order to be able to un- 
load it onto the unit so that it will undergo the 
corresponding operating cycle. 

[0007] Preferably, the various manufacturing units 
have respective orientable tables for supporting the 
workpiece, and the aforesaid superelevated horizontal 
supporting and guide beams of the various transfer de- 
vices substantially ail extend at the same height and are 
arranged substantially so that one is on the prolongation 
of the other. 

[0008] Thanks to the above-mentioned characteris- 
tics, the transfer means with which the line according to 
the invention is equipped are made up of modular trans- 
lating devices, which enable the operations of transfer 
of the workpieces from one unit of the line to another to 
be carried out in an extremely efficient manner, with an 
extremely simple and low-cost structure as compared 
to a system which uses robots. The various transfer de- 
vices have a modular structure, which can be easily 
reconfigured according to the specific requirements of 
the line. Since the transfer devices are mobile on su- 
perelevated beams, they do not entail any additional en- 
cumbrance which might constitute an obstacle to acces- 
sibility to the units of the line or render cleaning opera- 
tions more problematical. The transfer of the pieces 
from one unit to another can be carried out without caus- 
ing the workpiece being transferred to undergo substan- 
tial variations in height, so as to simplify equipping for 
carrying out transfer operations (a vertical upright may 
be sufficient instead of the second vertically mobile 
slide) and to avoid high power absorption by the motor 
means associated to the transfer devices. 
[0009] According to a further preferred characteristic, 
there can be associated to one or more transfer devices 
magazines for the accumulation of the workpieces, 
where the transfer device can provisionally deposit a 
workpiece, whilst waiting for the manufacturing unit 



downstream thereof to become free, or else can carry 
out on the piece inter-operational checks in order to 
guarantee the quality of the piece undergoing machin- 
ing. 

5 [0010] By accordingly prearranging the pick-up de- 
vice, it is moreover possible to perform an action of turn- 
ing the piece over, i.e., setting it in an upside-down po- 
sition, in order to discharge any chips or swarf ("chip 
dump") and cutting liquid that may have accumulated 

10 inside the piece during the previous machining phase, 
without haviny to add sophisticated and cumbersome 
devices, as instead is necessary with other known so- 
lutions. 

[0011] Owing to its characteristics, the transfer device 
is which forms part of the line according to the invention is 
suited for handling pieces of any shape and ones set in 
any position. 

[0012] Further characteristics and advantages of the 
present invention will emerge from the ensuing descrip- 
20 tion, with reference to the attached drawings, which are 
provided purely by way of non-limiting example, and in 
which: 

Figures 1 to 4 are schematic perspective views il- 
25 , lustra ting an embodiment of the line according to 
the invention in four successive, different, operating 
conditions; 

Figure 5 is a perspective view of an example of em- 
bodiment of a manufacturing unit which forms part 

30 of the line according to the invention, with the trans- 
fer devices set one upstream and the other down- 
stream of the manufacturing unit; 
Figure 6 is a perspective view of an embodiment of 
a single transfer device; and 

35 - Figure 7 is a block diagram which illustrates telecon- 
trol system for controlling the transfer devices ac- 
cording to the invention. 

[0013] Figures 1 -4 illustrate, by way of example, a ma- 

40 chining line comprising four workstations made up of as 
many manufacturing units or work centres 10, 20, 30, 
40 designed for carrying out in succession a sequence 
of machining operations on a set of workpieces P which 
are fed along the line. The line further comprises a load- 

45 ing end I and an unloading end O made up of respective 
supporting structures, which include, for example, re- 
spective roller surfaces designed to receive the work- 
pieces P which enter and exit the line. 
[0014] Each of the manufacturing units 1 0 : 20, 30, 40 

50 can be made in any known way. Figure 5 illustrates, 
purely by way of example, a possible embodiment of 
each of the manufacturing units, with specific reference 
to the manufacturing unit 20. This unit consists of a work 
centre, which includes a base 1 on which there is set a 

55 table 2, preferably of the kind that can turn about a ver- 
tical axis, designed to receive and support the piece un- 
dergoing machining (in the case of the example illustrat- 
ed in Figure 5 the pieces P are cylinder heads for motor- 
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vehicle engines). Again in the case of the example illus- 
trated in Figure 5, anchored on the base 1 is a support- 
ing framework 3, on which a set of mutually slidable 
slides is mounted in cascaded fashion, the said slides 
enabling displacement, along three mutually orthogonal 
axes, of a rotary spindle 4, which is designed to bring 
the tool (for example, a drilling tool or milling tool), that 
is to carry out a series of operations, onto the piece po- 
sitioned on the table 2. 

[0015] In the present description and in the ensuing 

claims,. the architecture of each manufacturing unit 20 
is not described in detail, in so far as this structure can 
be made in any known way and, in itself, does not fall 
within the scope of the present invention. For the pur- 
poses of the present invention, the important feature is 
that each manufacturing unit 20 has a workpiece table 
2 and a spindle that can move on a number of axes (for 
example, five) for carrying outthe machining operations 
on the piece located on the workpiece table. 
[0016] ^ In orderto transfer the pieces from one unit to 
another on the line, the invention envisages a plurality 
of modular transfer devices T arranged between one 
unit and another, as well as between the loading end I 
and the first unit 10, and between the last unit 40 and 
the unloading end O. Each modular transfer device T 
includes a supporting fixture 5, which is firmly anchored 
to the fixed framework 3 of each unit adjacent to it. Ba- 
sically, the fixture 5 comprises at least one metal column 
6 and at least one superelevated horizontal beam 7, 
which, as will be seen, has the function of support and 
guide for the transfer device T and which is anchored to 
the top of the column 6, as well as, for instance, to a 
column 8 forming part of the fixed framework 3 of the 
respective unit. 

[0017] As may be seen in detail in Figure 6, each su- 
perelevated horizontal beam 7 carries guides 9, on 
which are mounted sliding pads 1 0 carried by a first slide 
1 1 , which is thus displaceable along the beam 7. As may 
be seen in Figures 1-5, the various superelevated hori- 
zontal beams 7 of the transfer devices T are all arranged 
substantially at the same height and are all substantially 
set one on the prolongation of another, in the longitudi- 
nal direction of the line. With reference, once again, to 
Figure 6, in the case of the example illustrated, mounted 
so that it can slide in a vertical direction on the first slide 
11 is a second slide 12 (which, however, could also be 
replaced by a fixed upright), the bottom end of which 
carries, in such a way that it can turn about a vertical 
axis 1 3, a device 1 4 for picking up a workpiece, fixed to 
the flange 15, this device being of any known type and 
preferably shaped to enable the piece to be turned up- 
side down. In Figure 6, the motor means that control 
translation of the first slide 1 1 , translation of the second 
slide 12 and rotation of the pick-up device 14, as well 
as the actuator means mounted on board the device 14 
for activating or deactivating the pick-up members and 
possible reversal of the piece with which it is provided 
are not illustrated in detail, in so far as they can be made 



in any known way and do not, in themselves, fall within 
the scope of the invention. Furthermore, the elimination 
of the above details from the drawings, renders the latter 
more readily and more easily understandable. In Figure 
s 7, the blocks 1 7 indicate schematically the various mo- 
tor/actuator means with which each transfer device T is 
. equipped, which are controlled by an electronic control 
unit 16, which simultaneously controls also the motor/ 
actuator means of all the other transfer devices T of the 
io line. Purely by way of example, it is pointed out, howev- 
er, that the motor means associated to the slides 11,12 
may be represented by linear electric motors, or else by 
traditional electric motors associated to internal-thread/ 
external-thread systems. 
*5 [0018] During operation of the line, the transfer devic- 
es T (see Figures 1 -4) transf erthe pieces from one man- 
ufacturing unit to another, feeding them along the line. 
The various transfer devices T are controlled by the unit 
16 in a way that they are completely independent from 
20 one another, yet, in a co-ordinated way to enable - when 
a cycle of operations on the piece that is in a given unit 
of the line is completed - the two transfer devices set 
upstream and downstream of the unit in question to be 
already adjacent to the workpiece table 2 in orderto pick 
25 up the machined piece, carrying it into the next unit on 
the line and, at the same time, to load a new workpiece 
to be machined onto the previous unit. 
[0019] Figure 1 illustrates, by way of example, an op- 
erating condition of the line, in which the units 20, 30 are 
30 working, whilstthe unit 1 0 has just terminated machining 
of the piece that was on it, so that the transfer device 
designated by T2 is ready to pick the piece up, whilst 
the transfer device T1 is ready with a new piece to be 
loaded into the unit 10. Simultaneously, the unit 40 has 
35 terminated its cycle of operations, so that the transfer 
device T5 is about to transfer the previously machined 
piece onto the unloading end O, whilst the transfer de- 
vice T4 is loading a new piece to be machined onto the 
unit 40. 

40 [0020] Figure 2 illustrates a situation that follows upon 
the previous one, in which the transfer device T1 is re- 
turning to the loading end I for loading of a new piece. 
The unit 10 is working in so far as the device T2 has 
brought the piece previously picked up from the unit 10 
45 into the vicinity of the unit 20. The transfer device T3 
has just picked up the workpiece previously machined 
by the unit 20. The units 30 and 40 are working, and the 
transfer device T5 is unloading the piece previously ma- 
chined in the unit 40 at the output end O. In the next 
50 situation, illustrated in Figure 3, the transfer device T1 
is ready for loading a new piece onto the unit 1 0, the unit 
20 is working, the transfer device T3 is unloading the 
previously machined piece from the unit 20 onto the unit 
30, which can thus start working, and the transfer devic- 
es es T4 and T5 are adjacent to the unit 40. One device, 
T5, is waiting for the piece to be completed in order to 
pick it up from the unit 40, and the other device, T4, is 
waiting to load a new piece onto the unit 40. 
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. [0021 ] Figure 4 illustrates yet another subsequent sit- 
uation, in which the transfer device T1 is about to load 
a new piece onto the unit 10. The units 20 and 30 are 
working. The transfer device T5 is picking up the previ- 
ously machined piece from the unit 40 to unload it at s 
output from the line, whilst the transfer device T4 is 
ready to load a new piece onto the unit 40. 
[0022] Consequently, as may be seen, in the succes- 
sive steps of the machining cycle of the line that have 
been described above, some manufacturing units are 10 
working on their respective pieces, whilst the others are 
loading or unloading the workpiece. In addition, it may 
be seen how the piece that is to undergo machining trav- 
els sequentially from position I to the units 10,20, 30, 
40, to be then deposited in the output position O. The 15 
transfer devices associated to the units use the time that 
must, in any case, elapse to enable the units that are 
working to complete their operations, in order to arrange 
the workpieces immediately adjacent to the subsequent 
workstations, where they are to be unloaded. Conse- 20 
quently, the transfer -devices according to the present 
invention enable control of operation of the line in an 
optimal way, reducing to a minimum the dead time. Ba- 
sically, the cycle time of the line becomes the cycle time 
of the unit of the line that is to carry out the longest op- 25 
eration. At the same time, the structure of the transfer 
devices T is extremely simple and inexpensive. The ar- 
rangement of the fixture made up of the column 6 and 
the superelevated beam 7 is extremely simple and en- 
ables easy reconfigurations of the system according to 30 
the requirements and the space available. Since each 
transfer device T is in a superelevated position, the pos- 
sibility of access to the various manufacturing units is 
total, with consequent advantages in terms of execution 
of cleaning operations and/or maintenance operations. 35 
The transfer devices according to the invention also in- 
volve small overall dimensions and hence little encum- 
brance between one manufacturing unit and another, 
such as to enable considerable reduction in the overall 
dimensions of the line. As mentioned already, the sys- *o 
tern can be pre-arranged for transferring the workpieces 
from one unit to another by getting them to follow a path 
free from substantial variations in height, so as to avoid 
any waste of energy for lifting the pieces. In the example 
illustrated, the beams 7 of the transfer devices T are all *s 
substantially at the same height, as can be clearly seen 
from Figures 1 to 5. 

[0023] Of course, without prejudice to the principle of 
the invention , the details of construction and the embod- 
iments may vary widely with respect to what is described so 
and illustrated herein purely by way of example, without 
thereby departing from the scope of the present inven- 
tion. 

55 

Claims 

1. Aline of manufacturing units (10-40) for carrying out 
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a sequence of machining operations on a set of 
workpieces (P) s which are fed in, in succession, at 
one loading end (I) of the line and proceed along 
the line up to an unloading end (O) of the line, 

in which said line comprises means for trans- 
fer of .the workpieces (P) from the loading end (I) to 
the first unit (10) of the line, from each unit to the 
next one in the line, and from the last unit (40) in the 
line to the unloading end (O). 

characterized in that said transfer means in- 
clude: 

. - a fixture (5) made up of a plurality of horizontal 
supporting and guide beams (7), which are set 
in a superelevated position with respect to the 
floor on which the line is set, said beams ex- 
tending in the longitudinal direction of the line, 
each one of which in a position corresponding 
to a space comprised between one manufac- 
turing unit and another adjacent one; 
a transfer device (T) mounted on each of the 
aforesaid supporting and guide beams (7), said 
device comprising: 

a first mobile slide (11), which can move 
along the respective supporting and guide 
beam (7) in the longitudinal direction of the 
line; 

a vertical upright (12) mounted upon said 
first mobile slide (11); 
pick-up means (1 4), which are mounted on 
the bottom end of said vertical upright (12) 
and which can be oriented about a vertical 
axis (13); 

motor means for controlling the first slide 
(11), and said pick-up and turning-over 
means (14); and 

control means (16) designed for controlling 
the motor means (1 7) of the various trans- 
fer devices (T) of the line independently of 
one another, but according to a sequence 
co-ordinated together. 

2. The line according to Claim 1, characterized in 
that said vertical upright constitutes a second slide 
(12), which is mobile in the vertical direction on said 
first slide (11), said motor means being provided al- 
so for controlling the movement of said second slide 
(12). 

3. The line according to Claim 1 or Claim 2, charac- 
terized in that said control means are designed for 
controlling the motor means of the various transfer 
devices (T), in such a way that, when any single 
manufacturing unit (10-40) has terminated its cycle 
of operations on a workpiece (P), the transfer de- 
vice downstream of said unit is already waiting 
nearby to pick up the machined workpiece, and the 
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transfer device set upstream of the unit is already 
waiting nearby to load a new workpiece thereon. 

4. The line according to Claim 1 or Claim 2, charac- 
terized in that the various manufacturing units 
have respective tables (2) for supporting the work- 
piece (P) that is undergoing machining, the said ta- 
bles each being mounted In an orientable way about 
a vertical axis. 



10 



5. The line according to Claim 1 or Claim 2, charac- 
terized in that the superelevated supporting and 
guide beams (7) of the various transfer devices (T) 
ail extend substantially at the same height and are 

set substantially one on the prolongation of another, is 

6. The line according to Claim 5, characterized in 
that the fixture of each transfer device (T) compris- - 
es a column (6) and the aforesaid horizontal su- 
perelevated beam (7). 20 

7. The line according to Claim 1, characterized in 
that said pick-up means are designed to turn the 
piece picked up upside down. 

25 
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units 



(57) A line of manufacturing units for carrying out a 
sequence of machining operations on a set of workpiec- 
es (P), which are fed in, in succession, at one loading 
end of the line and proceed along the line up to an un- 
loading end of the line, comprises means for transfer of 
the workpieces along the line, the said means including 
a fixture made up of a plurality of horizontal supporting 
and guide beams (7), which are set in a superelevated 
position and which extend one on the prolongation of 
the other in the longitudinal direction of the line. Each 
superelevated beam (7) carries a first mobile slide on 



top of it, upon which is in turn mounted a vertical upright 
(or a second mobile slide, which can move vertically), 
at the bottom end of which there is mounted a pick-up 
device (1 4), which can be oriented about a vertical axis. 
The movements of the various transfer devices (T) are 
coordinated in such a way that, when one manufacturing 
unit terminates its cycle of operations on a piece, the 
transfer devices (T) upstream and downstream of said 
unit are already close thereto for picking up the work- 
piece that has undergone machining and for loading a 
new workpiece. 
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